The marine interstitial Microloxoconcha dimorpha n. sp. has two morphotypes in the male, ''L type'' and ''S type''; they occur sympatrically and can be distinguished by the size of their carapaces and the morphology of the male copulatory organs. Conversely, the genetic relationships based on the partial mitochondrial COI gene did not demonstrate an independent clade as belonging to only one type. The L and S types are therefore not reproductively isolated from each other, and they express an intra-sexual dimorphism. We also argue that the morphological features of the male copulatory organ could have changed prior to the establishment of reproductive isolation.
INTRODUCTION
In most arthropod taxa, the morphology of the male copulatory organ is different in each species, even if other characters are almost identical. These features are thought to be related to mechanical isolation, hence they can be used as diagnostic characters at the species level (Arnqvist, 1998; Soto et al., 2007) . On the other hand, the intraspecific morphological differences that have slightly divergent preferences amongst females can promote speciation (Martens, 2000) . Whether or not these morphological differences participate in reproductive isolation is therefore highly significant, not only for taxonomy but also for our understanding of the speciation process.
The characters, e.g., size, shape, or component parts, of the male copulatory organ are the most important keys to the classification of sexual species of podocopids. Intraspecific variations of the parts of male copulatory organs have been reported in marine Cythere omotenipponica Hanai, 1959 , and in fresh-water Limnocythere borisi Martens, 1990 (Tsukagoshi, 1988 and Martens, 1990, respectively) . However, there are only a few reports that have examined whether reproductive isolation occurs with variations in the male copulatory organ. Kamiya (1992) reported on the marine cytheroid Loxoconcha uranouchiensis Ishizaki, 1968 , including two sympatric morphotypes (''large'' and ''small'' forms) characterized by the differences in the size of the carapace. The male copulatory organs of the two morphotypes are similar in shape, but are different to each other in size. He suggested the existence of reproductive isolation between them, because his mating experiment showed that most of the pairs were formed between male and female of the same morphotype.
Two types of males identified by the size of the carapace and copulatory organ were found in a new species of the interstitial cytheroid Microloxoconcha. The corresponding parts of the male copulatory organ are basically identical in each morphotype. In the female of this species, the body size and the shape of the copulatory organ do not exhibit the same kind of dimorphism as observed in the male. This is the first reported case in Ostracoda of two distinct morphotypes of the male copulatory organ and carapace. Male polymorphism was reported in various animal taxa, e.g., the scarab beetle Onthophagus taurus (by Moczek and Emlen, 2000) , the spider crab Libinia emarginata (Laufer and Ahl, 1995) , the marine isopod Paracerceis sculpta (Shuster and Wade, 1991) and the poeciliid fish Limia perugiae (Erbelding-Denk et al., 1994) . The case of our new species of Microloxoconcha, in which the two morphotypes are represented in the male copulatory organs and directly related to mating, is very rare. In this study, the possibility of reproductive isolation is evaluated for these two morphotypes and the resultant incipient speciation promoted by male dimorphism is also discussed.
MATERIALS AND METHODS

Collection and Observation of Specimens
Specimens were collected from three sandy beaches in central Japan ( Fig. 1) : Naga-hama, Yokosuka City, Kanagawa Prefecture (represented as YN: 35u11.49N, 139u36.79E); Koajiro, Ito City, Shizuoka Prefecture (represented as IK: 34u57.29N, 139u8.59E); and Shizuura Port, Numazu City, Shizuoka Prefecture (represented as NS: 35u3.29N, 138u53.09E). For each sample, sediments to about 5cm depth and near the shoreline at low tide were collected from a dug hole. The specimens were extracted from the sediment samples by washing with fresh-water in a bucket, and the supernatant was then strained through a 25 mm mesh sieve (see Watanabe et al., 2008) . Some individuals were fixed in 5% formalin for dissection and morphological observation, while others were preserved at 225uC for DNA extraction.
The fixed specimens were dissected under a binocular microscope, and the chitinous parts were observed and drawn using a differential interference contrast microscope with a camera lucida (BX 50, Olympus). The terminology of parts of male copulatory organ followed that of JOURNAL OF CRUSTACEAN BIOLOGY, 31(1): 142-152, 2011 Higashi and Tsukagoshi (2008) . Carapaces were air-dried and osmiumcoated with an osmium plasma coater (OPC 40, Nippon Laser), and then were observed under the SEM (JSM-5600LV, JEOL).
The type series of the new species was deposited in the collection of the Shizuoka University Museum, identified by a number with the prefix SUM-CO.
Measurement of Specimens
A total of 47 dissected specimens were examined for measurement of the valves (58 males and 39 females) and male copulatory organs (71 males). The measurement was carried out using the measurement tools of the ImageJ 1.42 (National Institutes of Health, Bethesda MD, U.S.A.). For the carapace, a line between the two apexes on the ventral margin was set as a base line. The distance between the base line and the tangential line along the dorsal margin and parallel to the base line, was defined as height (H). The length (L) was set as the distance between two tangential lines perpendicular to the base line and passing through anterior and posterior margins (Fig. 2a) . For the male copulatory organ, the segment connecting the two apexes on the proximal and distal ends of the capsule was set as the length. The sum of two distances from the segment used for measuring to the apex of both dorsal and ventral margins was set as the width (Fig. 2B ).
DNA Extraction, PCR Amplification and Sequencing
Seven to 18 male individuals were used as one sample. Loxoconcha pulchra Ishizaki, 1968 , Paracytheroma sp., and Microloxoconcha ikeyai Watanabe et al., 2008 were used as the out-group (Table 1) . The samples were soaked in protease K at 55uC for 3 hours, and then the total DNA was extracted by phenol/chloroform/isoamilalcohol extraction and ethanol precipitation. The partial mitochondrial cytochrome oxidase subunit I (COI) gene was amplified by PCR with Ex Taq DNA polymerase (TAKARA), and the primers LCOI1490 and HCOI2198 (Folmer et al., 1994) . The composition of the reaction mix conformed to the protocol of the DNA polymerase. For PCR, the COI gene was amplified through the following steps: 95uC (2 minutes); 40 cycles at 94uC (20 seconds), 40uC (1 min) and 72uC (1 min 30 seconds); and final extension at 72uC (10 minutes). Cloning of the PCR products was performed by TOPO TA cloning kit (Invitrogen). These sequences of COI were deposited in the DNA Data Bank of Japan (DDBJ) under accession numbers AB519688-AB519697 (Table 1) .
Phylogenetic Analyses
The nucleotide sequences of COI were translated into the amino acids sequences using the invertebrate mitochondrial code, and were then aligned with the MEGA v.4 (Tamura et al., 2007) . After alignment, the sequences were re-translated into nucleotide sequences for the subsequent analyses. The P-distances were calculated in MEGA v.4. Phylogenetic analyses were performed by the following four algorithms; maximum parsimony (MP), neighbor-joining (NJ), maximum likelihood (ML) and Bayesian analysis. The MP was performed with the PAUP* v.4.0b10 (Swofford, 1998) . The NJ dealing with the COI as the coding gene, was done with the Kimura two-parameter model (Kimura, 1980) with the MEGA v.4. The MrModeltest v.2.3 (Nylander, 2004) was used to select the most appropriate model of sequence evolution for the ML and Bayesian analysis under the Akaike information criterion (Akaike, 1974) , and then the HKY model was selected. The ML was performed with the PHYML (Guindon and Gascuel, 2003) . The reliability of the MP, NJ and ML trees was assessed by the bootstrap analysis (Felsenstein, 1985) , involving 1000 replications for each algorithm. The Bayesian analysis was performed with the MrBayes v.3.1 (Ronquist and Huelsenbeck, 2003) . Four incrementally heated Markov chains, with the default heating values, were used. The analysis started with randomly generated trees and ran for 300,000 generations, with sampling occurring at intervals of 100 generations. In terms of likelihood scores and parameter estimation, the first 750 trees were discarded as burn-in.
SYSTEMATICS
Superfamily Cytheroidea Baird, 1845 Cytheromatidae Elofson, 1939 Microloxoconcha Hartmann, 1954 Microloxoconcha dimorpha n. sp.
Type Series.-All investigated specimens were collected from Naga-hama, Kanagawa Prefecture, central Japan, 35u11.49N, 139u36.79E, from about 5 cm depth in sand near shoreline at low tide, on 12 October 2006. Holotype: Male (SUM-CO-1711). Paratypes: 21 males (SUM-CO-1712-1732), 10 females (SUM-CO-1733-1742).
Etymology.-From male intra-sexual dimorphism in sizes of carapace and copulatory organ.
Diagnosis.-Carapace elongated bean-shaped in lateral view, external surface smooth. Marginal infold broad in both anterior and posterior regions. Broad vestibula in anterior and postero-ventral regions. Hingement weak adont. Four adductor muscle scars and frontal scar present. Number of pore systems 64 per valve. Seventh limb much longer than fifth and sixth limbs. Male copulatory organ with very thin and semi-triangular distal lobe; copulatory duct short, about from one fourth to one fifth as long as length of capsule; upper ramus spatula-like, and clasping apparatus thick and semi-triangular. Antennula ( Fig. 9A ) consisting of 5 articulated podomeres, length ratio among them from proximal to distal 8:6:2:5:4. Second podomere with setulae along anterior margin. Third podomere with simple seta at anterior distal end. Fourth podomere with 1 simple short seta at medial suture, and 2 long and 1 short setae at anterior distal end. Fifth podomere with 1 simple, 1 thick, and 1 spatulate setae at distal end.
Antenna (Fig. 9B ) consisting of 4 articulated podomeres, length ratio among them from proximal to distal 55:33:53:6. First podomere (basis) with stout exopodite (5 spinneret) at anterior distal end. Second podomere with 1 stout seta at posterior distal end. Third podomere with 1 seta at medial suture of posterior margin, 1 short seta at posterior distal end, and setulae along a proximal half of anterior margin. Fourth podomere with 2 stout and clawlike setae at distal end.
Mandible (Fig. 9C ) consisting of 5 articulated podomeres, length ratio among them from proximal to distal 55:20:22:15:5. First podomere (coxa) bearing several teeth on anterior margin. Second podomere (basis) with thick node (vestigial exopodite) in middle of posterior margin, 2 short setae in middle of anterior margin. Third podomere with 1 long seta at one third from distal end on dorsal margin and 1 long and 1 short setae on distal margin. Fourth podomere with 1 long and 1 very short setae at anterior-distal corner, and 1 claw-like seta at distal end. Fifth podomere with 2 long setae at distal end.
Maxillule (Fig. 9D ) consisting of thin branchial plate with 12 plumose setae (exopodite), basal podomere bearing palp and 3 endites. Palp with 2 ambiguous podomeres; first podomere with 2 setae on distal margin, and second podomere with 2 stout setae at distal end. Each endite with 4 setae.
Fifth limb (Fig. 9E ) consisting of 4 articulated podomeres, length ratio among them from proximal to distal 15:20:9:9. First podomere with bundle of setae in middle of anterior margin, 1 long seta around middle of posterior margin, and 1 long seta at anterior distal end. Second podomere with 1 short seta at anterior distal corner and setulae along anterior margin. Third podomere with setulae along anterior margin. Fourth podomere with long and stout distal claw. Sixth limb (Fig. 9F) consisting of 4 articulated podomeres, length ratio among them from proximal to distal 6:9:4:4. First podomere with 1 seta at one third from proximal end on posterior margin, and 1 seta on anterior distal end. Second podomere with 1 medium seta at anterior distal corner and setulae along anterior margin. Third podomere with setulae along anterior margin. Fourth podomere with long and stout distal claw and setulae along anterior margin.
Seventh limb (Fig. 9G ) consisting of 4 articulated podomeres, length ratio among them from proximal to distal 70:60:17:19. First podomere with 1 short seta on posterior margin proximally, 1 very short seta in middle of anterior margin, and 1 seta at anterior distal end. Second podomere with setulae along anterior margin, and 1 long seta at anterior distal end. Third podomere covered with rows of setulae. Fourth podomere covered with rows of setulae and bearing very long, stout distal claw.
Male copulatory organ (Fig. 6A, B) consisting of semiquadrilateral basal capsule, very thin and semi-triangular distal lobe (Dl) and tip in left Dl sharper than right, curved Copulatory duct (Cd) about one fifth as long as length of copulatory organ itself, spatula-like upper ramus (Ur) equal in length to copulatory duct, and thick and semi-triangular clasping apparatus (Ca).
Eye absent.
Remarks.-Intra-sexual dimorphism characterized by the size and shape of carapace, and copulatory organ exhibited in the male. The L type is larger than the S type in the size of carapace and the male copulatory organ. As to the carapace morphology, posterior region of the L type is more expanded than the S type. In the male copulatory organ, the shape of the S type is slenderer than the L type (Table 3) ; the tip of Ur of S type is slightly sharper than the L type; and the Dl of L type is more extended than the S type. In other limbs, there are little differences between the two types. This species resembles Microloxoconcha kushiroensis Hiruta, 1989 in the outline and chaetotaxy of appendages. But the outline of the carapace of Microloxoconcha dimorpha n. sp. is bean-shape compared to the trapezoidal outline of M. kushiroensis, and the detailed features of the parts comprising the male copulatory organ differ between these species: the tip of Dl of M. dimorpha n. sp. is sharper than M. kushiroensis; the shape of Ca of M. dimorpha n. sp. is expanded and rounded but that of M. kushiroensis is narrow trapezoidal. Additionally M. dimorpha n. sp. is also similar to Microloxoconcha subterranea Gottwald, 1983 in most features of appendages and carapace. M. dimorpha n. sp., however, is distinguished from M. subterranea by features of the male copulatory organ: the Cd of M. subterranea is slender and bent at the tip; the Dl of M. subterranea is sharper than M. dimorpha n. sp. and bent at the distal end.
DISCUSSION
Morphological Details
Two morphotypes of male Microloxoconcha dimorpha n. sp., were as ''L type'' for the larger type and ''S type'' for the smaller type, respectively. Both types occurred in all sediment materials from all 3 sampling sites. The same distributional pattern of pore systems on the carapace and chaetotaxy of appendages are shared in the ''L type'' and ''S type'' of male and female.
The carapace size (length and height) distribution of the male was bi-modal (see Fig. 3A , Table 2 ). In contrast, the sizes of female were distributed continuously between the two types of male (Fig. 3B, Table 2 ). Comparing the two types in males, the posterior outline in lateral and dorsal views is expanded more in the L type than the S type (Fig. 4) . The tendency of the size distribution of the male copulatory organ follows that of the carapaces (Fig. 5 and Table 3 ). The mean length-width ratio of the L type (1.32 in right valve and 1.31 in left one) was smaller than in the S types (1.52 in right valve and 1.51 in left one). As to the shape of the parts which compose the male copulatory organ, the tip of upper ramus (Ur) of L type was blunter than that of the S type, and the distal lobe (Dl) of the left hemipene in the L type is broader than in the S type (Fig. 6) . 
Phylogeny and Genetic Variation
The partial COI sequence dataset for analyses was 658 bp long, of which 296 bp were variable and 158 bp were parsimoniously informative. There was no gap revealing indels (insertion or deletion) in the sequences.
As a result of phylogenetic analyses based of the COI sequences (Fig. 7) , the individuals collected from the IK site (IK-L1 and IK-L2 as L type; IK-S1, IK-S2 and IK-S3 as S type) formed one clade (the IK Clade). The L type individual from the YN site (YN-L) was a sister group to the IK Clade. The S type individual from the NS site (NS-S) was derived from a basal lineage. This topology was supported by high bootstrap values in both the NJ and ML algorithms, and by the high Bayesian credibility. While the MP bootstrap consensus tree did not support any divergence between the IK Clade and the YN-L individual, one of the four MP trees had the same topology as obtained by the NJ, ML and Bayesian analyses. Consequently, the L and S types did not form independent clades.
The P-distances calculated from the partial COI sequence dataset (Table 4) show that the differences between the sequences composing the IK Clade were only 2 bp (P-distance 0.003) at the maximum, and the IK-L1 and IK-S1 exhibited the same sequences in spite of the different morphotypes. All differences between the IK Clade members were transitional in the third codon, and only the sequence of IK-S2 includes a non-synonymous difference. The differences between the sequences of the IK Clade members and the YN-L were 5 bp differences (Pdistance 0.008) at maximum, and all of these differences were transitional and synonymous. On the other hand, 45 bp differences (P-distance 0.067) at the maximum were observed between the sequences of the NS-S from the western part of Izu Peninsula (120 km apart from the IK site along shoreline) and the other sequences from the east of the peninsula. Within these differences between the NS-S and others, 7 bp (P-distance 0.011) were transversional and 4 bp were non-synonymous.
Factors Affecting Morphological Differences
The sizes of valve and male copulatory organ of the larger (L) and smaller (S) types of M. dimorpha form distinguishable clusters, respectively (Figs. 3A, 5) . The valve size of ostracods varies according to genetic and/or physiochemical environmental factors (reviewed by Ikeya and Ueda, 1988; Neil, 2000) . However, in this case the environmental factors could be excluded entirely because of their sympatric occurrence. In addition, the morphological varieties caused by environmental factors, e.g., salinity or temperature, are usually found as a continuum, but the differences between the two types are discontinuous (Fig. 3A) . Consequently, the differences between the two types must be under genetic control.
In the length-width ratios of male copulatory organ, the L type was lower than the S type (Table 3 ). In addition, the length ratio between valve and male copulatory organ in the L type (average 0.41, range 0.39-0.44, n 5 28) was also greater than that in the S type (average 0.37, range 0.33-0.39, n 5 23). These two facts are probably related to the posterior part of the carapace shape, because in the L type it is more expanded than in the S. The shape of the posterior part of carapace is therefore thought to be related to the size and shape of the male copulatory organ. On the other hand, the two morphotypes share the same distributional patterns of pore systems on the carapaces and chaetotaxy of appendages. Both types are thus characterized only by differences of size and shape in carapace and male copulatory organ.
The ''small and large forms'' of Loxoconcha uranouchiensis shown by Kamiya (1992) are also characterized by differences in size and shape of carapace and male copulatory organ. Kamiya (1992) also noticed the correlation between the relative size of male copulatory organ and the outline of the posterior part of carapace. Thus the differences between the two morphotypes of M. dimorpha and L. uranouchiensis may be caused by similar factors or mechanisms.
Phylogenetic Relationship and Geographical Distribution
The phylogenetic relationships inferred from the mitochondrial COI sequence dataset did not support the independent clade exclusively composed by one type alone (Fig. 7) . On the other hand, the individuals from the IK site were part of the same clade (IK Clade) whose genetic differences were very small (0.3% at the maximum); whereas the genetic differences between the IK Clade and the YN-L or the NS-S were greater (0.8% and 6.7% at the maximum, respectively). Moreover, the genetic differences between the NS-S and others include a lot of transversional and nonsynonymous differences. Therefore the NS-S must be genetically distinct from other individuals. The genetic distances between the IK Clade and the NS-S were eight times that of IK Clade and the YN-L, in spite of having almost the same geographical distances (the YN, ca. 100 km; the NS, ca. 120 km distant from the IK site along coast line). There is a possibility that the gene flow between the IK and the NS sites is limited. The Izu Peninsula, between the two sites, could constrain the gene flow between the both populations along the Suruga Bay and the Sagami Bay.
The genetic relationship between the two types is therefore consistent with the geographical relationship rather than with morphotypes.
Reproductive Isolation and Speciation Process
Not only the size, but also the length-width ratio in the male copulatory organ differs between the L and S types ( Table 3) . As far as the parts composing the male copulatory organ are concerned, e.g., the copulatory duct (Cd), clasping apparatus (Ca), they are quite similar, although the tip of upper ramus (Ur) and distal lobe (D1) differ between the two types (Fig. 6 ). These morphological similarities and differences make it difficult to estimate to what extent reproductive isolation exists between the two types. On the other hand, the phylogenetic trees based on the COI does not support independent clades composed of one type alone (Fig. 7) . Moreover, the differences between the COI sequences are consistent with the geographical distributions. Especially the differences between the individuals from NS site (NS-S) and from IK site (IK-S2 and IK-S3) are the most distant, although they belong to the same type (S type). When there is the reproductive isolation between the L and S types, the genetic difference between the types should be greater than between geographical sites. The results of current study, however, did not correspond to such a relationship. Therefore the morphological differences between the L and S types should not affect their reproductive isolation. Consequently, the two types can be regarded as having intra-sexual dimorphism.
In many animal taxa, it is known that male polymorphism relates to alternative mating strategies, e. g., one morphotype fights for access to a mate, while another type uses sneak behavior (reviewed in Gross, 1996) . The two type males of Microloxoconcha dimorpha n. sp. may have different mating strategies. Their differences are represent- ed in the size of male copulatory organ, although such male polymorphism has not been reported in other animals. If there are alternative mating strategies in the two type males of M. dimorpha n. sp., these could be different from those found in the male dimorphism of other animals. To resolve these problems, more ecological and mating behavioral investigations are required.
The habitat segregation and/or divergence of female preference for males, in general, are/is thought to accelerate speciation. In the case of interstitial Microloxoconcha dimorpha n. sp., their body size can become an influential factor in diversifying their optimum zones in the interstitial space because body size is one of the most important characters for adaptation to living in sedimentary interstices Fig. 9 . Appendages of Microloxoconcha dimorpha n. sp. A, antennula of paratype (SUM-CO-1718); B, antenna of holotype; C and D, mandible and maxillule of paratype (SUM-CO-1719), respectively; E, 5th limb of holotype; F, 6th limb of holotype; G, 7th limb of holotype. Scale bar indicates 25 mm. (Westheide, 1987; Worsaae and Kristensen, 2005) . On the other hand, the male dimorphism can lead to the mate choice. The ''large and small forms'' of Loxoconcha uranouchiensis shown by Kamiya (1992) appear in both sexes, and the existence of reproductive isolation between them was strongly suggested, and the two forms also keep their differences in the degrees of the carapace ornamentations. Kamiya (1992) considered that the difference of carapace ornamentation could play a role in reproductive isolation as one of the criteria of mate choice.
The successive phases would be seen in these two cases in Microloxoconcha and Loxoconcha and we can guess that the morphological variations of male copulatory organ could precede reproductive isolation. The size variations in male copulatory organs and in the carapace were also mentioned by Sato and Kamiya (2007) in Xestoleberis hanaii Ishizaki, 1968 . The change in the male copulatory organ may occur frequently, and could precede and lead to the speciation process within the cytheroid ostracods. 
